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(57) The present invention comprises a sealed type 
container body (50) capable of storing molten metal; a 
flow passage (57) capable of flowing the molten metal, 
the passage is f ormed extended to an outside of the con- 
tainer, and the passage is formed towards an upper por- 
tion (57b) from an opening (57a) provided at a position 
on an inner and near a bottom portion (50a) of the con- 
tainer body (50); and means (101 , 0313) for controlling 
the pressure in the container body. This makes it possi- 
ble to provide a container or the like requiring no re- 
placement of parts such as a stoke and the like. 
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Description 

Technical Field 

[0001 ] The present invention relates to a method for 
supplying a molten metal used for carrying, for example, 
molten aluminum, a system for supplying a molten met- 
al, a producing method for producing a molten 
aluminum , a producing method for producing an alumi- 
num molding product, a producing method of an auto- 
mobile, a transporting vehicle, a container, and an ap- 
paratus for supplying a molten metal. 

Background Art 

[0002] In a factory where aluminum is molded using 
many die-casting machines, an aluminum material is of- 
ten supplied not only from within the factory but also 
from outside the factory. In this case, a container storing 
aluminum in a melt is carried from a factory on the ma- 
terial supply side to a factory on the molding side to sup- 
ply to each of the die-casting machines the material kept 
in the melt. 

Disclosure of the Invention 

[0003] The present inventors propose a technique of 
supplying the molding material from such a container to 
the die-casting machine side utilizing a pressure differ- 
ence. More specifically, this technique applies a pres- 
sure to the container to pour a molten material in the 
container to the outside through a pipe led to the con- 
tainer. As such a container, it is possible to use, for ex- 
ample, an apparatus disclosed in Japanese Patent Laid- 
Open No. Hei 8-20826. 

[0004] The apparatus disclosed in Japanese Patent 
Laid-Open No. Hei 8-20826, however, has a problem 
that since its stoke is kept exposed to the molten metal 
in the container, there often occurs a necessity to re- 
place the oxidized and corroded stoke. Besides, when 
such a container is carried between factories, the inside 
of the container is first preheated using a gas burner or 
the like, and then the molten material is supplied into the 
container. The apparatus disclosed in Japanese Patent 
Laid-Open No. Hei 8-20826 has another problem that 
the stoke needs to be removed together with a large lid 
for holding the stoke for preheating because the stoke 
in the container is an obstacle during the preheating, 
leading to a very low productivity. 
[0005] In addition, a series of systems for supplying 
such molten aluminum has a problem that the molten 
aluminum at a high temperature often comes into con- 
tact with air, the aluminum is oxidized by ambient air. 
Such slag (oxide) is a problem affecting the quality of 
the aluminum, and an operator thus usually strains it out 
from the surface of the molten aluminum in a tandish 
(container) through a sprue gate of the tandish. There- 
fore, improvements in productivity have been required, 



4 184 A1 2 

and, more than that, the above straining work has some- 
times been of little use for removal of the oxide from the 
tandish. 

[0006] The present invention is made to solve the 
5 above-described problems, and its object is to provide 
a technique of requiring no replacement of parts such 
as a stoke and the like. 

[0007] It is another object of the present invention to 
provide a technique capable of efficiently performing 

10 preheating. 

[0008] It is still another object of the present invention 
to provide a technique of eliminating the above-de- 
scribed work of removing oxide to improve productivity. 
[0009] To solve the above problems, a container of the 

15 present invention is characterized by comprising a 
sealed type container body capable of storing molten 
metal; a flow passage capable of flowing the molten 
metal, the passage is formed extended to an outside of 
the container, and the passage is formed towards an up- 

20 per portion from an opening provided at a position on 
an inner and near a bottom portion of the container body; 
and means for controlling the pressure in the container 
body. 

[0010] In the present invention, the flow passage for 
25 flowing the molten metal is configured to extend to the 
outer periphery of the container body and toward the up- 
per portion from the position on the inner and near the 
bottom portion of the container body . In other words, in 
the present invention, as compared to the apparatus dis- 
30 closed in Japanese Patent Laid-Open No. Hei 8-20826, 
members such as the stoke and the like which are ex- 
posed to the molten metal in the container become un- 
necessary, thus eliminating the necessity to replace the 
parts such as the stoke and the like. In addition, in the 
35 present invention, no member such as the stoke which 
obstructs preheating is disposed in the container to im- 
prove the productivity for preheating, thus enabling ef- 
ficient preheating. 

[0011] Here, a method for supplying a molten metal 
40 using a container according to the present invention is 
characterized by comprising the steps of (a) reducing a 
pressure in a container so that the molten metal is load- 
ed into the container from outside of the container; and 
(b) supplying the molten metal from the container to the 
45 outside of the container. Here, the reducing a pressure 
in a container means that the pressure outside the con- 
tainer > the pressure inside the container. This state in- 
i eludes, in addition to the case of reducing the pressure 
in the container, a case of applying a pressure to the 
50 outside of the container, and further a case of reducing 
the pressure in the container and applying a pressure 
to the outside of the container. 

[0012] The above-described loading of the molten 
metal into the container utilizing the pressure difference 
55 between the inside and the outside of the container only 
requires that a furnace for supplying the molten metal is 
connected to the container through a member in the 
shape of drawing the molten metal into the container, 
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for example, a pipe. It becomes unnecessary to connect 
the furnace for supplying the molten metal to the con- 
tainer through, for example, a tub member, so that the 
possibilities of the molten metal coming into contact with 
air lessen remarkably, thus making it possible to de- 
crease as much as possible oxidation of the molten met- 
al supplied into the container. Therefore, it becomes 
possible to eliminate the work of removing oxide for im- 
proved productivity, and additionally to supply molten 
metal including little or no oxide. Further it is also pos- 
sible to degas a gas component such as hydrogen re- 
solved in the molten metal. Such a gas component re- 
duces productivity in a die-casting step. 
[0013] The step (b) is characterized by applying the 
positive pressure to the container so that the molten 
metal is supplied from the container to the outside of the 
container. For example, it is characterized that the con- 
tainer having a first pipe connecting inside and the out- 
side of the container capable of flowing the molten met- 
al, and the molten metal is passing through the first pipe 
in the step (a) and step (b). 

[001 4] The applying the positive pressure to the con- 
tainer means that the pressure inside the container > 
the pressure outside the container. This state includes, 
in addition to the case of applying the positive pressure 
to the container, a case of reducing the pressure outside 
of the container, and further a case of applying the pos- 
itive pressure to the container and reducing the pressure 
outside of the container. 

[0015] In the present invention, the molten metal can 
be supplied from the furnace for supplying the molten 
metal into the container and supplied from the container 
to a server using, for example, the common first pipe, 
so that the configuration can be very simplified. The 
present invention, however, also includes a case in 
which the molten metal is loaded and supplied through 
different pipes. 

[001 6] The method for supplying a molten metal of the 
present invention is characterized in that the container 
having a second pipe connecting the inside and the out- 
side of the container, and the pressure in the container 
is reduced and applied through the second pipe in the 
step (a) and step (b). The pressure in the container is 
reduced and applied through the common pipe as de- 
scribed above enables the configuration of the container 
to be very simple. 

[001 7] Therefore, in the present invention, it becomes 
possible to load the molten metal into the container and 
supply the molten metal from the container only by pro- 
viding, for example : the first and the second pipe for the 
container. This makes it possible not only to simplify the 
configuration but also to decrease remarkably oxidation 
of the molten metal. 

[001 8] The method for supplying a molten metal of the 
present invention is characterized in that the step (a) 
further comprises, reducing a pressure in the container 
so that the molten metal is loaded into the container from 
the outside of the container; detecting a level of the mol- 
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ten metal; and controlling a pressure in the container 
according to the detected level of the molten metal. This 
makes it possible to supply a proper amount of the mol- 
ten metal into the container irrespective of, for example, 
5 the system configuration on the server side. 

[001 9] The method for supplying a molten metal of the 
present invention is characterized in that the step (a) 
further comprises the step of purging a space inside the 
container with a non-oxidizing gas after the molten metal 
10 is loaded. This makes it possible to further suppress ox- 
idation of the molten metal supplied into the container. 
[0020] The method for supplying a molten metal of the 
present invention is characterized in that the container 
having a first pipe connecting inside and the outside of 
15 the container capable of flowing the molten metal, and 
an effective inner diameter of the first pipe is about 
65mm to about 85mm. 

[0021] A system for supplying a molten metal of the 
present invention is characterized by comprising a con- 
tainer capable of storing the molten metal; a pipe capa- 
ble of flowing the molten metal, and the first pipe con- 
necting inside and outside of the container; and an ex- 
hausting system for exhausting the inside of the con- 
tainer. Further, the system for supplying a molten metal 
of the present invention is characterized by comprising 
a container capable of storing the molten metal; a first 
pipe capable of flowing the molten metal, and the first 
pipe connecting inside and outside of the container; and 
a second pipe connecting the inside and the outside of 
the container, and the second pipe capable of reducing 
a pressure inside of the container. 
[0022] In the present invention, it is only required that 
a furnace for supplying the molten metal is connected 
to the container through a pipe for drawing the molten 
metal into the container, so that the possibilities of the 
molten metal coming into contact with air lessen remark- 
ably, thus making it possible to decrease as much as 
possible oxidation of the molten metal supplied into the 
container. Therefore, it becomes possible to eliminate 
the work of removing oxide for improved productivity, 
and additionally to supply molten metal including little or 
no oxide. 

[0023] The system for supplying a molten metal of the 
present invention is characterized in that the effective 
inner diameter of the pipe for flowing the molten metal 
is about 65mm to about 85mm. 

[0024] The system for supplying a molten metal of the 
present invention is characterized in that an inner open- 
ing of the pipe is formed at an inner lower portion of the 
container. Thereby, most of the molten metal to be sup- 
plied into the container through the pipe is supplied be- 
low the surface of the molten metal which has already 
been supplied into the container, that is, most of the mol- 
ten metal to be supplied through the pipe is prevented 
from coming into contact with air in the container during 
the supply, so that oxidation of the molten metal can be 
effectively prevented. Further, the opening of the pipe is 
disposed at such a position, thereby enabling supply of 
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the molten metal from the container to a server by ap- 
plication of a pressure through use of the pipe. In a con- 
tainer of a type of supplying the molten metal to the out- 
side by a differential pressure, when the pipe clogs, the 
molten metal in the container cannot be supplied, result- 
ing in solidified metal. The container of the present in- 
vention has an advantage that even when the pipe at- 
tached to the container clogs because of some circum- 
stances, the molten metal can be supplied to the outside 
by detaching this pipe and tilting the container like a tea- 
pot. 

[0025] The system for supplying a molten metal of the 
present invention is characterized by further comprising 
means for detecting a level or a weight of the molten 
metal; and means for controlling the exhaustion system 
according to the detected level or weight of the molten 
metal. This enables supply of a proper amount of the 
molten metal into the container. The means for detecting 
a level is characterized by comprising a pair of elec- 
trodes which are provided on a ceiling portion of the in- 
side of the container with a predetermined distance ther- 
ebetween, with tip portions thereof projecting at least to 
a position of a maximum level in the container. The use 
of such means for detecting a level enables detection of 
the level with a simple configuration also in an environ- 
ment at a high temperature causing the metal to melt. 
The means for detecting a level may be used together 
with, for example, a weight sensor. For example, it is 
adoptable that the amount of the molten metal in the 
container is measured using the weight sensor in normal 
times, and the means for detecting a level with the 
above-described configuration is used as means for de- 
tecting a maximum level for emergency. 
This enables construction of a safer system. 
[0026] A system for supplying a molten metal of the 
present invention is characterized by comprising load- 
ing a molten metal into the container by reducing a pres- 
sure in the container and transporting the container to 
at least a use point; and supplying the molten metal at 
the use point by applying the positive pressure to the 
container. Here, the present invention is characterized 
in that the molten metal is, for example, aluminum, the 
container is transported to the use point through a public 
road, and molding procuct using the molten aluminum 
is performed at the use point. 

[0027] The present invention is a producing method 
for producing a molten aluminum from a solid aluminum 
characterized by comprising the steps of melting the sol- 
id aluminum in a furnace; connecting the furnace and a 
container with a pipe; and reducing a pressure in the 
container so that the molten aluminum is loaded into the 
container through the pipe. This enables production of 
molten aluminum containing little oxide. 
[0028] A producing method for producing an alumi- 
num molding product produced by die-casting of the 
present invention is characterized by comprising the 
steps of melting an aluminum in a furnace; connecting 
the furnace and a container with a pipe; reducing a pres- 



sure in the container so that the molten aluminum is 
loaded into the container through the pipe; applying a 
pressure to the container so that the molten aluminum 
is supplied into a server through the pipe; and supplying 
5 the molten aluminum to an aluminum die-casting ma- 
chine to produce the aluminum molding product.. This 
enables efficient production of a high quality aluminum 
molding product with little oxide. 

[0029] A producing method of an automobile of the 

io present invention is characterized by comprising the 
steps of melting an aluminum in a furnace; connecting 
the furnace and a container with a pipe; reducing a pres- 
sure in the container so that the molten aluminum is 
loaded into the container through the pipe; applying a 

'5 pressure to the container so that the molten aluminum 
is supplied into a server through the pipe; and supplying 
the molten aluminum to an aluminum die-casting ma- 
chine from the server to produce an engine for an auto- 
mobile; and assembling the automobile using the en- 

20 gine. This enables efficient production of an automobile 
with a high quality engine with little oxide. 
[0030] A system for supplying a molten metal of the 
present invention is characterized by comprising a con- 
tainer capable of supplying a molten metal by applying 

25 a positive pressure to the container; a lifting mechanism 
capable of holding the container, and raising and lower- 
ing with holding the container; a transporting vehicle 
having a tank, and the tank supplies a gas for applying 
the positive pressure to the container. 

30 [0031 ] A transporting vehicle of the present invention 
is characterized by comprising a lifting mechanism ca- 
pable of holding a container and raising and lowering 
with holding the container; a container capable of sup- 
plying a molten metal by applying a positive pressure to 

35 the container. 

[0032] According to the present invention, the tank for 
applying the positive pressure to the container is mount- 
ed on the transporting vehicle, and the gas for applying 
the positive pressure is supplied from the tank into the 

40 container capable of supplying a molten metal by apply- 
ing a positive pressure to the container to feed the mol- 
ten metal by the pressure with this gas, thus eliminating 
the necessity to tilt the container as before. Therefore, 
for example, a rotation mechanism does not need to be 

45 provided on a fork lift truck, but only the lifting mecha- 
nism needs to be provided, resulting in a very simple 
mechanism. In addition, since the tank supplying a gas 
for applying the positive pressure is used as means for 
applying a pressure, for example, installation of a power 

50 generator which is considered as required when a com- 
pressor is mounted becomes unnecessary, leading to a 
reduction in size and weight. In a factory, replenishing 
gas is also very easy. 

[0033] The aforementioned transporting device may 
55 be provided with means for measuring (for example, a 
pressure gauge) provided at a fork portion of a fork lift 
mechanism, for measuring the weight of the container, 
and means for controlling for controlling the supply of 
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the gas from the tank supplying a gas for applying the 
positive pressure to the container based on the meas- 
urement result. 

[0034] According to the configuration, when the 
weight of the container becomes equal to or less than a 
predetermined value, which indicates that a predeter- 
mined amount of the molten metal already supplied from 
the container to the receiver side, the supply of the gas 
is stopped to stop the supply of the molten metal. This 
enables a specified amount of the molten metal to be 
supplied without manpower but with a simple configura- 
tion. 

[0035] A supply apparatus of the present invention 
comprises a hermetic zone means for supplying metal 
into the hermetic zone ; means for receiving the sup- 
plied metal, in the hermetic zone ; and means for con- 
trolling the oxygen concentration in the hermetic zone . 
[0036] The supply apparatus of the present invention 
comprises a furnace capable of holding and retaining 
heat in, or heating, the molten metal; a pipe for leading 
the molten metal into an hermetic chamber; means for 
controlling the oxygen concentration in the furnace and 
the hermetic chamber; and means for controlling the dif- 
ference between the pressure in the furnace and the 
pressure in the hermetic chamber. 
[0037] Further, the supply apparatus of the present in- 
vention comprises a furnace capable of holding and re- 
taining heat in, or heating, the molten metal; a pipe for 
leading the molten metal into an hermetic chamber; and 
means for controlling the pressure in the furnace to be 
relatively higher than the pressure in the hermetic cham- 
ber to supply the molten metal to a use point. The supply 
apparatus may further comprise means for controlling 
the pressure in the furnace to be relatively lower than 
the pressure in the use point to return the molten metal 
into the furnace. 

[0038] The supply method of the present invention 
passes the molten metal in the hermetice zone in which 
the oxygen concentration or the oxygen activity is con- 
trolled. 

[0039] A method for producing a metal product of the 
present invention comprises the steps of supplying a 
molten metal in an hermetic zone in which the oxygen 
concentration is controlled; and molding the supplied 
metal. 

[0040] The control of the oxygen concentration or the 
oxygen activity is conducted so that oxidation of the met- 
al is suppressed. The control of the oxygen concentra- 
tion can be conducted not only by controlling the oxygen 
partial pressure but also by controlling the total pres- 
sure. Further, it is also adoptable to conduct control in- 
cluding temperature. Hereafter, a case only referring to 
the oxygen concentration shall include the concept of 
the oxygen activity. Depending on conditions of temper- 
ature, pressure, oxygen concentration, and so on, not 
only oxidation of the metal is suppressed but also the 
metal is sometimes deoxidized. In either case, the metal 
is supplied to the use point in the hermetic zone while 



oxidation thereof being suppressed. The metal to be 
supplied here includes, for example, metal in a melt or 
metal powder (including fine particles and ultra-fine par- 
ticles, this applying to the following). Further, as for the 
5- composition of the metal, either a single element or an 
alloy can be used. As the means for controlling the ox- 
ygen concentration, there are, for example, an exhaust- 
ing system and a non-oxidizing gas introduction system. 
These may be disposed in combination, or a plurality of 
10 systems may be provided. It is preferable to select, for 
use as the exhausting system, one or some in combi- 
nation, as necessary, from among an exhaust blower 
and various types of vacuum pumps (for example, a ro- 
tary pump, a mechanical booster pump, a liquid-sealed 
pump such as a water-sealed pump, an oil diffusion 
pump, a turbo-molecular pump, an ion getter pump, a 
cryopump, and so on). Also a vacuum gauge (vacuum 
meter) may be provided when necessary. The non-oxi- 
dizing gas can include rare gases, nitrogen, carbon 
monoxide, carbon dioxide, sulfur dioxide, sulfur hexaflu- 
oride, and so on. From among these gases, one may be 
selected in accordance with the property of metal. The 
non-oxidizing gases may be used in combination. 
[0041] The adoption of the above configuration ena- 
bles supply of metal to the use point in the hermetic zone 
with oxidation of the metal being suppressed in the sup- 
ply apparatus of the present invention. Therefore, the 
generation amount of oxides such as oxide film, oxide 
and so on can be suppressed to a very low level, thereby 
improving the productivity. 

[0042] Besides, metals having low free energy of for- 
mation and a high reactivity such as magnesium, calci- 
um, titanium, and so on have a problem that they are 
susceptible to oxidation in processes of melting, hold- 
ing, delivering, pouring, molding, and so on. The same 
goes in a metal in a state having excessive free energy 
on its surface such as powder. These metals are not only 
susceptible to oxidation but also at risk for ignition and 
explosion. According to the present invention, such met- 
als can also be supplied in safety. 
[0043] Besides, in the molding of metal, during supply 
of molten metal to a die-casting apparatus, the metal 
oxidizes and ignites to impair the strength, accuracy, 
and appearance of a product. This is prominent in met- 
als susceptible to oxidation and hard to process, for ex- 
ample, a magnesium alloy and so on. One reason is that 
before a molten metal is supply to a cavity, oxide of the 
metal is contaminated thereinto. According to the 
present invention, the molten metal is supplied to the 
die-casting apparatus with oxidation of the metal being 
suppressed, resulting in improved quality of products. 
This effect is more enhanced by controlling the oxygen 
activity in a flowing space of the molten metal including 
the cavity, as described later. 

[0044] By the way, at the time of melting the above- 
described metal, for example, a fireproof agent such as 
beryllium is sometimes added for fireproofing. Beryllium 
is well known as an element having a low abundance of 
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element as well as a very high toxicity. It is known that 
beryllium adversely affects a human body, for example, 
a person has a respiratory disorder when he or she 
sucks its oxide. At present, beryllium diffuses in the en- 
vironment during the producing step and through prod- 5 
ucts containing it (pay attention to circumstances after 
the products turn into wastes). The use of such a harmful 
substance gives rise to a serious problem in viewpoints 
of safety of an operator and environment conservation. 
The present invention eliminates the necessity to use 10 
such a harmful fireproof gas, thus making it possible to 
ensure the safety of the operator and prevent a harmful 
substance from diffusing in the environment. 
[0045] Next, description will be made on the container 
of the present invention. Here, the container is applica- *5 
ble to both a case in which it is used in a fixed state (for 
example, a melting furnace, a storing furnace, and so 
on of the molten metal) and a case in which it is used in 
a movable state (for example, a container and so on). 
[0046] A container of the present invention comprises 20 
a frame forming an hermetic zone ; a heat insulation dis- 
posed inside the frame; and at least one pipe disposed 
through the frame and the heat insulation. 
[0047] Further, the present invention is a container ca- 
pable of storing molten metal comprising means for ap- 25 
plying a pressure to the furnace; and means for reducing 
the pressure in the furnace. 

[0048] The frame forms a closed space being the her- 
metic zone therein. Further, the frame serves a function 
of holding the strength of the entire container and a f unc- 30 
tion of protecting the heat insulation from the outside. 
The frame can be constituted of various kinds of metals, 
so that a suitable material may be selected in accord- 
ance with the use of the container. This selection is pref- 
erably made in consideration of physical property and 35 
chemical property of contents to be stored in the con- 
tainer. For example, the selection is made so that even 
if the heat insulation is broken, the frame never melts or 
breaks due to the heat of the contents or a chemical re- 
action with the contents. This also applies to the heat *o 
insulation, and various types of heat insulating bricks 
are selected in accordance with the use of the container. 
[0049] The pipe provides an access between the out- 
side of the frame and the inside space thereof. A plurality 
of the pipes may be provided. For example, an exhaust- 45 
ing system is connected to this pipe to reduce the pres- 
sure in the space, thereby enabling control of the oxygen 
concentration and the oxygen activity in the hermetic 
zone of being the inside. Besides, for example, a non- 
oxidizing gas introduction system is connected to this so 
pipe, thereby enabling supply of a non-oxidizing gas to 
the inside. 

[0050] Furthermore, this pipe allows a fluid (molten 
metal or powder) to be taken out of/into the container by 
reducing and applying the pressure. For example, a 55 
case, in which the plurality of pipes are provided, is con- 
sidered here. It is assumed that the contents are molten 
metal. In this case, when the non-oxidizing gas is intro- 
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duced from the first pipe to apply a pressure to the her- 
metic zone , a force acts to push the molten metal to the 
outside through the second pipe. On the other hand, 
when the first pipe is connected to the exhausting sys- 
tem to reduce the pressure in the hermetic zone , the 
molten metal can be loaded from the outside through 
the second pipe. The pipe is heated by a heater or the 
like when necessary. The temperature is preferably set 
to be higher than the melting point of the contents flow- 
ing through the pipes. In this event, not only the move- 
ment of the molten metal or powder but also the oxygen 
concentration in the system can be controlled by the ex- 
hausting system and the non -oxidizing gas supply sys- 
tem. As described above, the invention of this applica- 
tion has one remarkable characteristic that the genera- 
tion of pressure difference including the pressure re- 
duced state contributes both to the mass transfer of the 
molten metal or powder and the prevention of oxidation. 
Besides, when the atmosphere in the pipe becomes ox- 
idative, oxide attaches to the inside of the pipe to clog 
the pipe. In the present invention, it is possible not only 
to control the oxygen concentration in the pipe but also 
to prevent the contents from remaining in the pipe, thus 
solving such a clogging problem. 
[0051 ] Further, the container of the present invention 
also includes a form comprising means for measuring 
the temperature in the hermetic zone and means for 
controlling the pressure in the frame in accordance with 
the measured temperature. 

[0052] A heat insulation such as a heat insulating 
brick or the like is decreased in heat insulating perform- 
ance with its aging. For example, when the molten metal 
is transported using a plurality of containers, the tem- 
peratures of the molten metal are sometimes different 
from others due to individual difference of the container. 
The temperature of the molten metal may sometimes 
drop to a level at which requirements of a user are not 
suitable. The container of the present invention employs 
a configuration in which the temperature of the hermetic 
zone or the molten metal is measured, and the pressure 
in the frame is controlled based on the measured tem- 
perature. Such a configuration is employed to control 
the heat conductivity in the system by the pressure. The 
pressure in the frame of, for example, a container, in 
which a temperature drop of the molten metal is recog- 
nized during carriage, is reduced by the exhausting sys- 
tem , so as to suppress the heat conductivity of the i nside 
to low. Thereby, the temperature of the molten metal can 
be kept irrespective of decrease in the heat insulating 
performance of the heat insulation. It is also possible to 
decrease the difference in temperature between con- 
tents of a plurality of containers. Further, oxidation of the 
molten metal can also be prevented. The pressure con- 
trol can be conducted through use of not temperature 
itself but of a rate of change (for example, a differential 
value) in temperature, which configuration enables 
more accurate temperature control of the molten metal. 
[0053] The present invention is a container capable 
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of delivering molten metal comprising a frame with a 
heat insulation on its inner face; a heater disposed on 
the inside of the heat insulation; means for measuring 
the temperature of the molten metal; and means for con- 
trolling the heater in accordance with the measured tem- 
perature. 

[0054] The container of the present invention may 
have a configuration not only to control the pressure in 
the container in accordance with the measured temper- 
ature or the temperature change, but also a configura- 
tion to control the temperature of the heater disposed in 
the container in accordance with the measured temper- 
ature or the temperature change. In the configuration of 
the present invention, airtightness of the frame cannot 
be a severe subject. The heater may have a configura- 
tion in which, for example, a resistor wire is exposed in- 
side the heat insulation. Other than that, it is also adopt- 
able to use various type of heaters such as, for example, 
a sheathed heater, a radiant tube, and the like. The tem- 
perature in the container or the temperature or the 
change in temperature of the contents is measured to 
control the supply amount of energy (electric power, 
gas) to the heater in accordance with the measurement 
value. Thereby, the temperature of the molten metal can 
be kept irrespective of decrease in the heat insulating 
performance of the heat insulation. It is also possible to 
decrease the difference in temperature between con- 
tents of a plurality of containers. Further, such a config- 
uration enables accurate management of the tempera- 
ture of the contents in the container. Moreover, the con- 
tainer of the present invention can also be configured in 
combination with the above-described configurations of 
the respective containers of the present invention. 
[0055] A molding apparatus of the present invention 
comprises means for molding metal supplied to a use 
point, an hermetic chamber disposed to surround the 
use point, and means for controlling the oxygen concen- 
tration in the hermetic chamber 

[0056] The molding apparatus of the present inven- 
tion is applicable to various types of molding apparatus- 
es, for example, for injection molding of molding the mol- 
ten metal supplied to the use point by pushing out it into 
a space between a core mold (male mold) and a cavity 
mold (female mold), compression molding, extrusion 
molding, blow molding, and so on. In the molding appa- 
ratus of the present invention, the metal to be molded is 
supplied to the use point where the oxygen concentra- 
tion is controlled (including reduction of the pressure). 
The metal can be supplied to the use point using the 
above-described supply apparatus and container of the 
present invention . For example, in the conventional met- 
al molding, the metal oxidizes and ignites during supply 
of the metal to the apparatus to impair the strength, ac- 
curacy, and appearance of a product. This is prominent 
in a metal susceptible to oxidation and hard to process, 
for example, a magnesium alloy. According to the 
present invention, the metal is supplied to the molding 
apparatus with oxidation of the metal being suppressed, 



resulting in improved quality of the molded product. In 
the case of a die-casting apparatus, the above effect is 
more enhanced by controlling the oxygen activity in a 
flowing space of the molten metal including a nozzle, a 
5 sprue, a runner, and a gate. For the enhancement, it Is 
only required to provide a valve and an exhausting sys- 
tem or a non-oxidizing gas supply system on the oppo- 
site side to the use point of the flowing space of the mol- 
ten metal and control the pressure difference relative to 
10 the use point and the oxygen concentration. 

[0057] A container according to another aspect of the 
present invention is characterized by comprising a 
sealed type container body capable of storing a molten 
metal, and the container has a through hole provided for 
controlling a pressure in the container; and a refractory 
lining formed inside of the container, and the refractory 
lining has a passage capable of flowing the molten met- 
al, the passage is formed extended to an outside of the 
container, and the passage is formed towards an upper 
portion from an opening provided at a position on an in- 
ner and near a bottom portion of the container body. 
[0058] In the present invention, the flow passage of 
the molten metal is configured to be buried in a refrac- 
tory lining having a high heat conductivity formed inside 
of the container so that the heat of the container body 
easily conducts to the flow passage side. Therefore, 
when molten metal is stored in the container, the heat 
of the stored molten metal conducts through the refrac- 
tory lining to make the flow passage almost equal in tem- 
perature to the stored molten metal. In a viewpoint of 
enhancing the heat retaining property of the container, 
the heat conductivity of the container is preferably as 
low as possible. In the present invention, the heat con- 
ductivity of a zone separating the container body from 
the flow passage is made high with an intention. This 
prevents the molten metal flowing through the flow pas- 
sage from being cooled by the flow passage to solidify 
and attach to the surface of the flow passage. In other 
words, when the molten metal gradually solidifies and 
attaches to the flow passage, the flow passage (conven- 
tional pipe) becomes more likely to clog, but the present 
invention can effectively prevent clogging of the flow 
passage. Further, in the present invention, the flow pas- 
sage becomes almost equal in temperature to the stored 
molten metal, which eliminates a decrease in viscosity 
of the molten metal flowing near the surface of the flow 
passage, making it possible to supply the molten metal 
from the container and load the molten metal into the 
container with a smaller pressure difference. In other 
words, the flow passage of the molten metal is consti- 
tuted of the refractory lining having a high heat conduc- 
tivity formed inside of the container, and the flow pas- 
sage is made almost equal in temperature to the stored 
molten metal, so that the container of the present inven- 
tion is very effective to a system of loading and supplying 
the molten metal into/from the container utilizing the 
pressure difference. 

[0059] The container of the present invention is pro- 
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vided with a through hole used for controlling a pressure 
in the container, so that the molten metal can be loaded 
into the container though the flow passage by reducing 
the pressure in the container, for example, through the 
through hole. In the present invention, the molten metal 
is loaded into the container through the flow passage as 
described above, thereby allowing the metal attached 
to the surface of the flow passage to be cleaned by a 
hotter molten metal flowing through the flow passage. 
Therefore, in the present invention, the provision of the 
through hole used for controlling a pressure in the con- 
tainer makes it possible to effectively prevent the flow 
passage from clogging. 

[0060] In the present invention, the flow passage for 
flowing the molten metal is configured to extend to the 
outside of the container and towards the upper portion 
from the position on the inner and near the bottom por- 
tion of the container body. In other words, in the present 
invention, as compared to the apparatus disclosed in 
Japanese Patent Laid-Open No. Hei 8-20826, members 
such as the stoke and the like which are exposed to the 
molten metal in the container become unnecessary, 
thus eliminating the necessity to replace the parts such 
as the stoke and the like. In addition, in the present in- 
vention, no member such as the stoke which obstructs 
preheating is disposed in the container to improve the 
productivity for preheating, thus enabling efficient pre- 
heating. 

[0061] The container according to an embodiment of 
the present invention is characterized by further com- 
prising a heat insulator inserted between an inner sur- 
face of the container body and the refractory lining (re- 
fractory member), and the heat insulator having a heat 
conductivity smaller than that of the refractory lining. As 
the refractory lining, a refractory castabte material can 
be used which has a large strength with respect to, for 
example, molten aluminum. Besides, the heat insulation 
can include, for example, heat insulating castable re- 
fractories and non -castable heat insulating refractories 
(for example, board type heat insulator). In any case, 
the heat insulation is set lower in density, heat conduc- 
tivity, and so on than the refractory member. Note that 
it is adoptable to use the refractory member and the heat 
insulation in a layered structure. 

[0062] In other words, in the container of the present 
invention, the heat conductivity between the container 
and the flow passage is intentionally set to be higher 
than that between the inside and the outside of the con- 
tainer. This suppresses temperature drop of the flow 
passage. Especially when the flow passage portion 
projects outward like the container of the present inven- 
tion, that region is likely to cool off. Hence, in the present 
invention, the heat conductivity is made low within the 
portion separating the flow passage from the inside of 
the body. This makes it possible to retain heat in the mol- 
ten metal in the container and additionally decrease 
cooling of the flow passage affected by the outside, re- 
sulting in effective prevention of clogging of the flow pas- 
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sage. Moreover, if the flow passage can be kept at a 
high temperature, the molten metal becomes low in vis- 
cosity, thus making it possible to load and supply the 
molten metal into/from the container with a smaller pres- 
5 sure difference. 

[0063] The container according to an embodiment of 
the present invention is characterized in that a bottom 
surface of the container body has an inclination towards 
the opening so that the opening is at a lower position of 
*0 the body. Thereby, when the molten metal in the con- 
tainer runs short, the substantial area of the refractory 
member in contact with the molten metal in the container 
in the vicinity of the flow passage becomes larger than 
the area at a place apart from the flow passage. There- 
's fore, it becomes possible to prevent as much as possible 
the flow passage from cooling to effectively prevent the 
flow passage from clogging, and load and supply the 
molten metal into/from the container with a smaller pres- 
sure difference. In addition, feeding of the molten metal 
20 remaining in the container by tilting the container can be 
efficiently performed with a reduced tilt angle and clog- 
ging of the flow passage being decreased as much as 
possible. 

[0064] The container according to an embodiment of 
25 the present invention is characterized in that an upper 
portion of the container body is provided with a hatch 
capable of opening and closing. 

[0065] In the present invention, the provision of such 
a hatch makes it possible that the hatch is opened and 

30 a heater such as a burner or the like is inserted to pre- 
heat the container, for example, prior to introduction of 
the molten metal into the container. Such preheating 
warms the flow passage through the refractory member, 
thereby making it possible to prevent more effectively 

35 the flow passage from clogging, and load and supply the 
molten metal into/from the container with a smaller pres- 
sure difference. Since the flow passage can be previ- 
ously warmed as described above when the molten met- 
al is loaded into the container through the flow passage, 

40 the present invention is effective particularly in that 
case. 

[0066] The container according to an embodiment of 
the present invention is characterized in that the through 
hole is provided in the hatch. 

45 [0067] The container is preheated by a gas burner pri- 
or to supply of the molten metal into the container as 
described above. This preheating is performed by open- 
ing the hatch and inserting the gas burner into the con- 
tainer. Therefore, the hatch is opened every supply of 

50 the molten metal into the container. In the present in- 
vention, such a hatch is provided with a through hole for 
internal pressure control, so that attachment of metal to 
the through hole for internal pressure control can be 
checked every supply of the molten metal into the con- 

55 tainer. When metal attaches, for example, to the through 
hole, the metal only needs to be removed every occur- 
rence. Therefore, the present invention enables preven- 
tion of clogging of the pipe and hole used for internal 
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pressure control. 

[0068] An apparatus for supplying a molten metal in 
still another aspect of the present invention is charac- 
terized by comprising a furnace for melting the metal 
and storing the molten metal, and the furnace has a sup- 
ply section for supplying the molten metal; a first pipe 
disposed on the supply section, and an end portion of 
the first pipe is immersed in the molten metal; and a 
holding mechanism for elastically holding the first pipe. 
[0069] In the present invention, the end portion of the 
first pipe can be connected to the second pipe provided, 
for example, at a container to supply the molten metal 
from the furnace into the container through the first pipe 
and the second pipe. In this case, the molten metal can 
be supplied, for example, by generating a pressure dif- 
ference between the container side and the furnace 
side. More specifically, for example, by reducing the 
pressure in the container by a vacuum pump, the molten 
metal can be supplied from the furnace into the contain- 
er through the first pipe and the second pipe. Thus, the 
present invention can lessen the possibilities of the mol- 
ten metal coming into contact with air to prevent oxida- 
tion of the molten metal. This eliminates the necessity 
of the work of removing oxide in which an operator 
strains the oxide out from the surface of the molten alu- 
minum in the container through a sprue gate of the con- 
tainer, enabling improved productivity. Further, in the 
present invention, since the first pipe connected to the 
second pipe provided, for example, at the container is 
elastically held, thus greatly facilitating, for example, the 
work of aligning the end portion of the first pipe to a port 
of the second pipe provided at the container, enabling 
further improved productivity in combination with the 
above-described function. 

[0070] Therefore, a system for supplying a molten 
metal in a main aspect of the present invention is char- 
acterized by comprising a furnace for melting the metal 
and storing the molten metal, and the furnace has a sup- 
ply section for supplying the molten metal; a first pipe 
disposed on the supply section, and an end portion of 
the first pipe is immersed in the molten metal; a holding 
mechanism for elastically holding the first pipe; and a 
container having a second pipe capable of connecting 
to one end of the first pipe, and the container is supplied 
with the molten metal through the first pipe and the sec- 
ond pipe, and characterized by further comprising 
means for reducing a pressure inside the container. 
[0071] An embodiment of the present invention is 
characterized in that the holding mechanism holds the 
first pipe so that the other end portion of the first pipe is 
freely positioned. This makes it possible to align more 
smoothly the other end portion of the first pipe to the 
second pipe provided, for example, at the container. 
[0072] An embodiment of the present invention is 
characterized in that the holding mechanism comprises 
a pair of plate members facing with each other at a pre- 
determined distance, and each of the plate members 
has an opening at a predetermined position respective- 



ly, so that the first pipe is inserted therethrough; and an 
elastic member inserted between the plate members. 
Further, the embodiment of the present invention is 
characterized in that a diameter of each of the openings 

5 of the plate members Is sufficiently larger than an outer 
diameter of the first pipe, and the first pipe further com- 
prises a holder provided on an outer periphery of the 
first pipe, and an outer diameter of the holder is larger 
than the outer diameter of the first pipe. This allows the 

10 holding mechanism to be realized with a simple config- 
uration. 

[0073] An embodiment of the present invention is 
characterized by further comprising a joint mechanism 
for fastening the first pipe with a second pipe to be con- 
's nected to the first pipe. The provision of such a joint 
mechanism prevents displacement between the first 
pipe and the second pipe after the alignment. 
[0074] There is a well-known technology in which 
molding is performed using molten metal like aluminum 
20 die-casting. For this molding, it is required to prepare a 
molten aluminum alloy. There are several ways for pre- 
paring the molten aluminum. In the first case, a melting 
furnace is provided for every die-casting machine. In an- 
other possible case, aluminum is molten in a centralized 
25 melting furnace, and die-casting machines include re- 
spective storing furnaces. In a large-scale factory, the 
latter may often be selected. Further, molten metal may 
be carried from a factory other than the die-casting fac- 
tory. 

30 [0075] The carriage of the molten metal from the cen- 
tralized melting furnace to each storing furnace and the 
carriage of the molten metal from the other factory are 
generally performed using a container such as a con- 
tainer or the like. When the molten metal is supplied from 

35 the melting furnace to the container, aluminum in a solid 
state is first molten in the melting furnace, and then the 
molten aluminum is tapped through a hole bored in the 
melting furnace into a carrier container. On the other 
hand, supply of the molten metal from the container to 

40 the storing furnace of the die-casting machine, another 
melting furnace, or the like, is performed with a container 
being tilted like tea is poured from a teapot. 
[0076] The inventors propose a technique of supply- 
ing molten metal using a pressure difference without tilt- 

45 ing a container. This technique, through use of an air- 
tight container including a pipe for loading and supplying 
the molten metal, reduces a pressure in the container 
to load the molten metal into the container and applies 
a pressure to the container to supply the molten metal. 

50 Portions in direct contact with the molten metal such as 
the inner face of the container and the inner face of the 
pipe are lined with a refractory member and a heat in- 
sulation. 

[0077] As describe above, the molten metal is some- 
55 times supplied from the melting furnace or the storing 
furnace to the carrier container, and sometimes supplied 
from the container to the use point (for example, the 
melting furnace of the die-casting machine). In either 



9 



NSDOCID: <EP 1304184A1J_> 



17 EP13 

case, as time required for the supply becomes shorter, 
the productivity is further improved. On the other hand, 
as the flow rale of the molten metal becomes higher, the 
degree of wear of the lining on the inner face of the pipe 
increases and the life of the pipe shortens. 
[0078] The inventors have used a pipe about 50 mm 
in inner diameter at the beginning. This is because of 
recognition that when the diameter is increased, pres- 
sure feeding of the molten metal requires a high pres- 
sure. When the diameter of a pipe (sectional area of the 
pipe) is increased, the weight of molten metal to be lifted 
increases, and in which viewpoint, a required pressure 
should increase. An increase in the required pressure 
is disadvantageous. This is because leakage of the 
pressure spends long time to delay a stop action and a 
system for applying a pressure becomes large. Espe- 
cially when a tank for applying a pressure is used to sup- 
ply a compressed gas, as the pressure required for the 
pressure feeding increases, the frequency of filling the 
compressed gas to the tank increases. 
[0079] However, when the inventors tested a pipe 
about 70 mm in inner diameter in developing process of 
a system for supplying a molten metal using a pressure 
difference, it was found that aluminum can be supplied 
at a pressure lower than the case using the pipe about 
50 mm in inner diameter. This indicates that the flow of 
aluminum in the pipe is affected by its viscosity greater 
than expected in the case of the pipe having a diameter 
of 50 mm. It shows that the effect of the viscosity coef- 
ficient and the like of aluminum is much greater in the 
pipe having a diameter of 50 mm than in the pipe having 
a diameter of 70 mm, restricting the flow rate at a con- 
siderably high rate. 

[0080] The flow rate of the molten metal flowing 
through the pipe is higher at a position closer to the cent- 
er, and is the smallest at a position in contact with the 
inner face of the pipe. On the other hand, a too large 
inner diameter of the pipe decreases the effect by the 
viscosity coefficient contributing to the entire flow but 
necessarily increases the pressure required to lift the 
molten metal. For example, in a pipe about 1 00 mm in 
inner diameter, the pressure required for pressure feed- 
ing is equal to or greater than that of the pipe about 50 
mm in inner diameter. When the pressure is increased, 
the time required for recovering the pressure is also long 
as described above, giving rise to a problem in safety. 
[0081] In consideration of the inventors, Reynolds 
number is the greatest at the center of the pipe and the 
smallest at a position in contact with the inner face of 
the pipe. In the case of a smaller pipe diameter, most 
part of the flow in the pipe is restricted by the surface of 
the pipe. As the pipe diameter increases, the proportion 
of the portion restricted by the pipe to the entire flow 
decreases. Within this region, as the pipe diameter is 
increased, the pressure required for pressure feeding 
decreases. When the pipe diameter is further increased, 
the entire flow becomes substantially steady. Conse- 
quently, it can be reasoned that the proportion of the por- 
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tion restricted by the viscosity in the entire flow is small 
enough. Within this region, as the pipe diameter is in- 
creased, the pressure required for pressure feeding in- 
creases. 

5 [0082] From the above fact, it is preferable, in the 
present invention, to set the inner diameter of a pipe (in- 
cluding a flow passage) for transporting molten alumi- 
num by a pressure difference larger than 50 mm and 
smaller than 100 mm. The inventors conducted tests 

10 with the inner diameter of the pipe being changed to 
about 50 mm, about 60 mm, about 65 mm, about 70 
mm, about 80 mm, about 90 mm, and about 100 mm. 
As a result, as the inner diameter was increased starting 
from about 50 mm, the pressure for pressure feeding 

15 decreased, but when the inner diameter exceeded 
about 90 mm, a high pressure was required conversely. 
It was found that aluminum can be pressure fed at the 
lowest pressure in the case ranging from about 65 mm 
to about 80 mm in particular. On the other hand, it was 

20 also found that as the inner diameter becomes larger, 
the time required for pressure feeding a predetermined 
amount (about 600 Kg) of molten aluminum becomes 
shorter. 

[0083] Conventionally, this type of pipe has been 

25 about 50 mm in inner diameter. This is because it has 
been considered that in the case of a pipe having a di- 
ameter larger than that, a high pressure is required 
when applying a pressure to a container to supply mol- 
ten metal through the pipe. In contrast to this, the 

30 present inventors found that the inner diameter of a flow 
passage and a pipe linking thereto is preferably about 
65 mm to about 85 mm, greatly exceeding the above- 
mentioned 50 mm, more preferably, about 65 mm to 
about 80 mm, and furthermore preferably, about 70 mm. 

35 in other words, it can be reasoned that when the molten 
metal flows upward through the flow passage and the 
pipe, two parameters such as the weight of the molten 
metal itself existing in the flow passage and the pipe and 
the viscosity resistance of the inner wall of the flow pas- 

40 sage and the pipe greatly affect a resistance which ob- 
structs the flow of the molten metal. When the inner di- 
ameter is smaller than 65 mm here, the molten metal 
flowing through the flow passage is affected by both the 
weight of the molten metal itself and the viscosity resist- 

45 ance of the inner wall at any position. When the inner 
diameter is 65 mm or larger, however, a zone hardly af- 
fected by the viscosity resistance of the inner wall grad- 
ually increases from near the center of the flow. This re- 
gion has a very great effect, so that the resistance ob- 

50 structing the flow of the molten metal starts decreasing. 
It is only required to apply a pressure to the container 
at a very low pressure when supplying the molten metal 
from the container. In short, conventionally only the 
weight of the molten metal itself has been regarded as 

55 a variable factor of the resistance obstructing the flow 
of the molten metal without taking the effect by such a 
region into consideration at all, and thus the inner diam- 
eter has been set about 50 mm because of productivity, 
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maintainability, and so on. On the other hand, when the 
inner diameter exceeds about 90 mm, the weight of the 
molten metal itself becomes very dominant as the re- 
sistance obstructing the flow of the molten metal, result- 
ing in increased resistance obstructing the flow of the 
molten metal. From the result of a prototype container 
made by the present inventors, it is only required to ap- 
ply a pressure to the container at a very low pressure 
for the case of an inner diameter from about 65 mm to 
about 80 mm, and an inner diameter of about 70 mm is 
the most preferable in viewpoint of standardization and 
productivity. In other words, since the pipe diameter is 
standardized in a discrete manner, for producing, for ex- 
ample, a pipe having an inner diameter of about 80 mm, 
it is required to use a structure and pipe one size greater 
than that for producing a pipe having an inner diameter 
of about 70 mm. A smaller pipe diameter can be more 
preferable because of easy handling and good produc- 
tivity. 

Brief Description of Drawings 
[0084] 

FIG. 1 is a schematic diagram showing the config- 
uration of a metal supply system according to an 
embodiment of the present invention; 
FIG. 2 is a diagram showing the relation between a 
container and a storing furnace according to the 
embodiment of the present invention; 
FIG. 3 is a cross-sectional view of the container ac- 
cording to the embodiment of the present invention; 
FIG. 4 is a plane view of FIG. 3; 
FIG. 5 is a cross -sectional view of a part in FIG. 3; 
FIG. 6 is a graph showing the relation between a 
pipe diameter and a pressure of pressure feeding; 
FIG. 7 is a view showing the configuration of a sup- 
ply system from a second furnace to a container in 
a second factory according to the embodiment of 
the present invention; 

FIG. 8 is an enlarged side view of a holding mech- 
anism and a connecting portion between a tip por- 
tion of a suction pipe and a tip portion of a pipe in 
the container according to the embodiment of the 
present invention; 

FIG. 9 is a plane view of the holding mechanism 
shown in FIG. 8; 

FIGS. 10A to 10C are views for explaining actions 
of connecting the pipe of the container and the suc- 
tion pipe of a supply furnace according to the em- 
bodiment of the present invention; 
FIG. 11 is a flowchart showing a producing method 
of an automobile using the system of the present 
invention; 

FIG. 12 is a view schematically showing an example 
of a supply apparatus of the present invention; 
FIG. 13 is a view schematically showing another ex- 
ample of the supply apparatus of the present inven- 



tion; 

FIG. 14 is a view schematically showing an example 
of a melting furnace of the present invention; 
FIG. 15 is a view schematically showing an example 
5 of the configuration of the container of the present 
invention; 

FIG. 16 is a view showing an example of a joint us- 
able for connecting pipes; 

FIG. 1 7 is a view schematically showing another ex- 
10 ample of the configuration of the container of the 

present invention; 

FIG . 1 8 is a view schematically showing another ex- 
ample of the configuration of the container of the 
present invention; and 
15 FIG. 1 9 is a diagram for explaining an example of a 
delivery model of metal using the supply apparatus 
and the container of the present invention. 

Best Mode for Carrying out the Invention 

20 

[0085] Hereinafter, embodiments of the present in- 
vention will be described with reference to the drawings. 
[0086] FIG. 1 is a diagram showing the entire config- 
uration of a metal supply system according to an em- 

25 bodiment of the present invention. 

[0087] As shown in the drawing, a first factory 1 0 and 
a second factory 20 are provided at locations apart from 
each other across, for example, a public road 30. 
[0088] In the first factory 1 0, a plurality of die-casting 

30 machines 11 are arranged as use points. Each of the 
die-casting machines 11 molds products in a desired 
shape by injection molding using molten aluminum as a 
raw material. The products can include, for example, 
parts relating to an engine of an automobile and the like. 

35 Besides, the molten metal is not limited only to an alu- 
minum alloy, but alloys containing other metals such as 
magnesium, titanium, and so on as main constituents 
are also usable. Near the die-casting machines 1 1 , there 
are storing furnaces (local storing furnaces) 12 that 

to temporarily store molten aluminum before shots. This 
local storing furnace 12 is designed to store the molten 
aluminum for a plurality of shots, so that the molten alu- 
minum is injected from the storing furnace 12 into the 
die-casting machine 11 through a tandish(container) 13 

45 or a pipe for every shot. Further, each of the storing fur- 
naces 12 is provided with a level sensor (not shown) 
that detects the level of the molten aluminum stored in 
a container and a temperature sensor (not shown) that 
detects the temperature of the molten aluminum . Detec- 

50 tion results by these sensors are passed to a control 
panel of each of the die-casting machines 11 or a central 
controller 16 in the first factory 1 0. 
[0089] At a receiving station of the first factory 10, a 
receiving table 17 is disposed for receiving a later-de- 

55 scribed container 1 00. The container 1 00 received at the 
receiving table 1 7 in the receiving station is delivered by 
a delivery vehicle 18 to a predetermined die-casting ma- 
chine 11 , so that the molten aluminum is supplied from 
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the container 1 00 to the storing furnace 1 2. The contain- 
er 100 after completion of the supply is returned to the 
receiving table 17 in the receiving station again by the 
delivery vehicle 1 8. 

[0090] In the first factory 10, a first furnace 19 is pro- 
vided for melting aluminum and supplying it to the con- 
tainer 100, and the container 100 supplied with the mol- 
ten aluminum from the first furnace 1 9 is also delivered 
by the delivery vehicle 1 8 to a predetermined die-casting 
machine 11 . 

[0091] In the first factory 10, a display section 15 is 
disposed which states a fact that the die-casting ma- 
chines 11 demand for the additional aluminum melt. 
More specifically, for example, an ID number is given to 
every die-casting machine 11 and displayed on the dis- 
play section 15, so that the number on the display sec- 
tion 15 corresponding to the die-casting machine 11 
which demands for the additional molten aluminum is 
lighted up. Based on the display on the display section 
1 5, an operator carries the container 1 00 to the die-cast- 
ing machine 1 1 corresponding the number using the de- 
livery vehicle 1 8 to supply the molten aluminum . The dis- 
play on the display section 1 5 is performed by a control 
of the central controller 1 6 based on the detection result 
by the level sensor of the aluminum melt. 
[0092] in the second factory 20, a second furnace 21 
is provided for melting aluminum and supplying it to the 
container 1 00. A plurality of types of containers 1 00 are 
provided which are different, for example, in capacity, 
pipe length, height, width, and so on. For example, there 
are a plurality of types of containers 1 00 different in ca- 
pacity in accordance with the capacities or the like of the 
local storing furnaces 12 for the die-casting machines 
1 1 in the first factory 1 0. However, it is, of course, adopt- 
able to unify the containers 100 into one standard. 
[0093] The containers 100 supplied with the molten 
aluminum from the second furnace 21 are mounted on 
a truck 32 for carriage by means of a fork lift truck (not 
shown). The truck 32 carries the containers 1 00 through 
the public road 30 to near the receiving table 1 7 in the 
receiving station in the first factory 1 0, so that the con- 
tainers 100 are received at the receiving table 17 by 
means of a fork lift truck (not shown). Besides, vacant 
containers 100 placed in the receiving station are re- 
turned to the second factory 20 by the truck 32. 
[0094] In the second factory 20, a display section 22 
is disposed which states a fact that the die-casting ma- 
chines 1 1 in the first factory 1 0 call additional molten alu- 
minum. The display section 22 is almost the same in 
configuration as the display section 1 5 in the first factory 
10. The display on the display section 22 is performed 
by a control of the central controller 1 6 in the first factory 
10, for example, via a communication line 33. It should 
be noted that, out of the die-casting machines 11 which 
demand for supply of the molten aluminum, the die-cast- 
ing machines 11 , which are determined to be supplied 
with the molten aluminum from the first furnace 1 9 in the 
first factory 1 0, are displayed in distinction from the other 



die-casting machines 1 1 on the display section 22 in the 
second factory 20. For example, it is designed to blink 
the numbers corresponding to the die-casting machines 

11 determined as above. This can prevent the molten 
s aluminum from being supplied by mistake from the sec- 
ond factory 20 side to the die-casting machines 1 1 which 
have been determined to be supplied with the molten 
aluminum from the first furnace 19. Further, on this dis- 
play section 22, data transmitted from the central con- 

10 troller 16 is also displayed in addition to the above dis- 
play. 

[0095] Next, description will be made on the action of 
the metal supply system configured as described above. 
[0096] The central controller 1 6 monitors the amount 
15 of the molten aluminum in each of the storing furnaces 

1 2 through the level sensor provided at each of the local 
storing furnaces 12. When there arises a demand for 
supplying the molten aluminum to one storing furnace 
1 2, the central controller 1 6 transmits to the second fac- 

20 tory 20 side through the communication line 33 the "ID 
number" of the storing furnace 12, "temperature data" 
of the storing furnace 12 detected by the temperature 
sensor provided at the storing furnace 12, "form data" 
on the form (described later) of the storing furnace 12, 

25 final "time data" of the storing furnace 1 2 running out of 
the molten aluminum, "traffic data" of the public road 30, 
"amount data" of the molten aluminum required for the 
storing furnace 12, "temperature data", and so on. In the 
second factory 20, these data are displayed on the dis- 

30 play section 22. Based on these displayed data, the op- 
erator determines on his or her experiences the point of 
time for dispatch of the container 1 00 from the second 
factory 20 and the temperature of the molten aluminum 
at the time of the dispatch so that the container 100 is 

35 delivered immediately to the storing furnace 12 before 
the storing furnace 1 2 runs out of the molten aluminum 
and the molten aluminum at that time is at a desired tem- 
perature. Alternatively, it is also adoptable to capture 
these date into a personal computer (not shown), esti- 

^0 mate, through use of predetermined software, the point 
of time for dispatch of the container 1 00 from the second 
factory 20 and the temperature of the molten aluminum 
at the time of the dispatch so that the container 100 is 
delivered immediately to the storing furnace 12 before 

45 the storing furnace 1 2 runs out of the molten aluminum 
and the molten aluminum at that time is at a desired tem- 
perature, and display the time and temperature. Alter- 
natively, it is also adoptable to automatically control the 
temperature of the second furnace 21 based on the es- 

50 timated temperature. It is also adoptable to determine 
the amount of the molten aluminum to be stored in the 
container 100 based on the aforementioned "amount 
data." 

[0097] When the truck 32 with the container 100 
55 mounted thereon departs, passes the public road 30, 
and arrives at the first factory 10, the container 100 is 
received from the truck 32 at the receiving table 17 in 
the receiving station. 
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[0098] Then, the received container 100 is delivered 
together with the receiving table 1 7 to a predetermined 
die-casting machine 11 by the delivery vehicle 18 so that 
the molten aluminum is supplied from the container 1 00 
to the storing furnace 12. 

[0099] As shown in FIG. 2, this example is configured 
such that compressed air is sent oui from a reservoir 
tank 101 into the hermetic type container 100 to cause 
the molten aluminum stored in the container 100 to be 
discharged through a pipe 56 and supplied to the storing 
furnace 12. Note that numeral 103 denotes a pressure 
valve, and numeral 104 denotes a leak valve in FIG. 2. 
[0100] By the way, the storing furnaces 1 2 have vari- 
ous heights, and the tip of the pipe 56 is controllable to 
be placed at an optimal position above the storing fur- 
nace 12 by means of a lifting mechanism provided on 
the delivery vehicle 18. The lifting mechanism, however, 
cannot cope by itself with the storing furnace 12 depend- 
ing on its height in some cases. Hence, in this system, 
data regarding the height of the storing furnace 1 2, the 
distance to the storing furnace 12, and so on are previ- 
ously sent to the second factory 20 side as the "form 
data" regarding the form of the storing furnace 12, and 
on the second factory 20 side, for example, the contain- 
er 1 00 having an optimal form, for example, an optimal 
height is selected and delivered based on the data. Note 
that the container 100 having an optimal size may be 
selected and delivered in accordance with the amount 
to be supplied. 

[0101] Next, the container 1 00 (container capable of 
supplying the molten metal by pressure) suitable for the 
system configured as described above will be described 
with reference to FIG. 3 and FIG. 4. FIG. 3 is a cross- 
sectional view of the container 1 00, and FIG. 4 is a plane 
view thereof. 

[0102] The container 100 is configured such that a 
large lid 52 is provided at an upper opening 51 of a bot- 
tomed cylindrical body 50. Flanges 53 and 54 are pro- 
vided at outer peripheries of the body 50 and the large 
lid 51 respectively, so that the flanges are fastened to- 
gether with bolts 55 to fix the large lid 51 to the body 50. 
It should be noted that the outside of the body 50 and 
the large lid 51 is made of, for example, metal and the 
inside thereof is made of refractories, with a heat insu- 
lator being inserted between the metal frame and the 
refractories. 

[01 03] At one point on the outer periphery of the body 
50, a pipe attachment portion 58 is provided which is 
provided with a flow passage 57 starting from the inside 
of the body 50 and communicating with the pipe 56. 
[0104] Here, FIG. 5 is a cross-sectional view taken 
along a line A-A across the pipe attachment portion 58 
shown in FIG. 3. 

[01 05] As shown in FIG. 5, the outside of the container 
100 is constituted of a metal frame 100a, and the inside 
thereof is constituted of a refractory member 1 00b, with 
a heat insulation 100c in a plurality of layers being in- 
serted between the frame 1 00a and the refractory mem- 



ber 100b. The heat insulation 100c is formed here by 
lining, from the inner side, heat insulating castable re- 
fractries and a board type heat insulator. Besides, the 
flow passage 57 is formed to be sheathed in the refrac- 
s tory member 1 00b which is provided on the inside of the 
container 100. Further, to positively conduct heat in the 
container to the flow passage side, a region separating 
the inside of the container from the flow passage is com- 
posed of the refractory member 100b having a large 
10 heat conductivity. On the other hand, the heat insulating 
property on the outside of the flow passage (opposite to 
the container body side) needs to be enhanced, and 
thus a heat insulation is disposed on the outside of the 
refractory member. 
15 [0106] The flow passage 57 in the pipe attachment 
portion 58 extends toward an upper portion 57b on the 
outer periphery of the body 50, through an opening 57a 
provided at a position on the inner periphery of the body 
50 close to a bottom portion 50a of the container body. 
20 The pipe 56 is fixed to communicate with the flow pas- 
sage 57 in the pipe attachment portion 58. The pipe 56 
has the form of the letter., so that an end portion 59 of 
the pipe 56 faces downward. More specifically, the end 
portion 59 of the pipe 56 is inclined, for example, at 
25 about 1 0'with respect to the vertical line. Giving such an 
inclination reduces, for example, splash of the molten 
metal from the molten metal surface to the container 
side when the molten metal supplied from the end por- 
tion 59 flows down to the local storing furnace side. 
30 [0107] Feeding of the molten metal by the pressure 
may be performed with the end portion 59 of the pipe 
56 sunk in the molten metal stored on the storing furnace 
side. This decreasess the possibilities of the molten 
metal coming into contact with air and involving air dur- 
35 ing supply, thereby enabling improved quality of the mol- 
ten metal. 

[0108] The flow passage 57 and the pipe 56 linking 
thereto are preferably almost the same in inner diame- 
ter, about 65 mm to about 85 mm. Conventionally, this 

40 kind of pipe has been about 50 mm in inner diameter. 
Here, FIG. 6 is a graph showing the relation between a 
pipe diameter and a pressure for pressure feeding. This 
graph shows the dependence upon the pipe diameter 
of the minimum pressure required for pressure feeding 

15 when the weight of the molten metal in the container is 
changed. As is clear from the drawing, it is found that a 
pressure required when the inner diameter of the pipe 
is about 50 mm and about 100 mm is higher than that 
when the inner diameter of the pipe is within a range 

50 from about 65 mm and about 80 mm. 

[0109] The pipe here is made by forming a ceramic 
layer on the inner surface of SUS metal. The tempera- 
ture of the molten aluminum was almost 700.. 
[0110] At almost the center of the aforementioned 

55 large lid 52, an opening 60 is provided, and a hatch 62 
with a handle 61 attached thereto is disposed at the 
opening 60. The hatch 62 is provided with packing for 
sealing the inside of the container airtight, on a face on 
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the large ltd 52 side. Packing made of silicon is circularly 
provided here. The hatch 62 is provided at a position 
slightly higher than the upper face of the large tid 52. A 
portion on the outer periphery of the hatch 62 is attached 
to the large lid 52 through a hinge 63. This allows the 
hatch 62 to freely open and close the opening 60 in the 
large lid 52. In addition, bolts with handles 64 for fixing 
the hatch 62 to the large lid 52 are attached to two points 
of the outer periphery of the hatch 62 in a manner op- 
posite to the position to which the hinge 63 is attached. 
By closing the opening 60 in the large lid 52 with the 
hatch 62 and rotating the bolts with handles 64, the 
hatch 62 is fixed to the large lid 52. On the other hand, 
by inversely rotating the bolts with handles 64 to release 
the fixation, the hatch 62 can be opened from the open- 
ing 60 in the large lid 52. Then, with the hatch 62 opened, 
maintenance of the inside of the container 1 00 and in- 
sertion of a gas burner at the time of preheating can be 
performed through the opening 60. 
[01 11 ] Further, a through hole 65 for internal pressure 
control for reducing and applying the pressure in the 
container 100 is provided at the center or a position 
slightly off from the center of the hatch 62. To thethrough 
hole 65, a pipe 66 for applying and reducing the pres- 
sure is connected. The pipe 66 extends upward from the 
through hole 65 : bends at a predetermined height, and 
extends in the horizontal direction. The surface of a por- 
tion of the pipe 66 inserted into the through hole 65 is 
threaded, and on the other hand, the through hole 65 is 
also threaded. This firmly screws the pipe 66 to the 
through hole 65. 

[01 12J To one end of the pipe 66, a pipe 67 for apply- 
ing the pressure or reducing the pressure can be con- 
nected. A tank storing a compressed gas and a pump 
for applying the pressure are connected to the pipe for 
applying the pressure, and a pump for reducing the 
pressure is connected to the pipe for reducing the pres- 
sure. Then, it is possible to load the molten aluminum 
into the container 100 through the pipe 56 and the flow 
passage 57 using a pressure difference resulting from 
reducing the pressure, and it is possible to pour the mol- 
ten aluminum to the outside of the container 1 00 through 
the flow passage 57 and the pipe 56 using a pressure 
difference resulting from applying the pressure. It should 
be noted that use of an inert gas, for example, nitrogen 
gas as the compressed gas makes it possible to prevent 
more effectively oxidation of the molten aluminum dur- 
ing the application of the pressure. 
[0113] In the present invention, a connecting port of 
the pipe 67 for applying or reducing the pressure is dis- 
posed not at the large lid but at the hatch so that an 
operator can check a clogging of the pipe 67 and the 
connecting port. For example, clogging of the pipe 67 
and the connecting port can be checked when neces- 
sary such as after carriage of the container to a custom- 
er, before supply of molten metal by pressure feeding, 
and so on. Therefore, the molten metal can be supplied 
reliably. 
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[0114] In this embodiment, while the through hole 65 
for applying and reducing the pressure is provided in the 
hatch 62 which is disposed at almost the center portion 
of the large lid 52, the aforementioned pipe 66 extends 

5 in the horizontal direction, thus making it possible to per- 
form safely and easily the work of connecting the pipe 
67 for applying or reducing the pressure to the pipe 66. 
Furthermore, the pipe 66 extends in the horizontal di- 
rection as described above and thus can be rotated with 

10 respect to the through hole 65 by a small force, so that 
the pipe 66 screwed to the through hole 65 can be fixed 
and removed by a very small force, for example, without 
using a tool. 

[0115] At a position slightly off from the center of the 
15 hatch 62 and opposite to the abovementioned through 
hole 65 for applying and reducing the pressure : a 
through hole 68 for releasing pressure is provided, and 
a relief valve (not shown) can be attached to the through 
hole 68 for releasing pressure. Thereby, for example, 
20 when the inside of the container 100 reaches a prede- 
termined pressure or higher, the inside of the container 
1 00 is released to the atmospheric pressure in viewpoint 
of safety. 

[0116] In the large lid 52, two through holes 70 for lev- 

25 el sensors are disposed with a predetermined distance 
therebetween into which two electrodes 69 are inserted 
respectively as the level sensors. The electrodes 69 are 
inserted into the through holes 70 respectively. The 
electrodes 69 are disposed opposite to each other in the 

30 container 1 00, and their tips extend, for example, to po- 
sitions at a level almost the same as that of a maximum 
level of the molten metal in the container 100. It is thus 
possible to detect the maximum level of the molten met- 
al in the container 100 by monitoring the conduction 

35 state between the electrodes 69, thereby enabling pre- 
vention of excessive supply of the molten metal to the 
container 1 00 with more reliability. 
[0117] On the rear face of the bottom portion of the 
body 50, two channels 71 having a cross section in a 

40 square shape into which, for example, a fork of the fork 
lift truck(not shown) is inserted and a predetermined 
length, are disposed, for example, in parallel to each 
other. Further, the entire bottom portion inside the body 
50 is inclined to be low on the flow passage 57 side. This 

45 reduces so-called remained melt when the molten alu- 
minum is supplied to the outside through the flow pas- 
sage 57 and the pipe 56 by compression. In addition, 
when the container 100 is tilted, for example, at the time 
of maintenance to pour the molten aluminum to the out- 

so side through the flow passage 57 and the pipe 56, the 
angle of tilting the container 1 00 can be decreased, pro- 
viding improved safety and productivity. 
[0118] As described above, in the container 100 ac- 
cording to this embodiment, the through hole 65 for in- 

55 ternal pressure controll is provided in the hatch 62, and 
the pipe 66 for internal pressure control is connected to 
the through hole 65, so that attachment of metal to the 
through hole 65 for internal pressure controll can be 
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checked every supply of the molten metal into the con- 
tainer 1 00. This makes it possible to prevent clogging of 
the pipe 66 and the through hole 65 used for controlling 
a pressure in the container. 

[01 19] Further, in the container 1 00 according to this 
embodiment, the through hole 65 for internal pressure 
control! is provided in the hatch 62 : and additionally the 
hatch 62 is provided at almost the center of the upper 
face portion of the container 1 00 corresponding to a po- 
sition of the molten aluminum where the level of the melt 
changes and melt drops splash off at a relatively rare, 
resulting in less attachment of the molten aluminum to 
the pipe 66 and the through hole 65 used for controlling 
a pressure in the container. This makes it possible to 
prevent clogging of the pipe 66 and the through hole 65 
used for controlling a pressure in the container. 
[0120] Further, in the container 100 according to this 
embodiment, the hatch 62 is provided in the upper face 
portion of the large lid 52, so that the distance between 
the inner face of the hatch 62 and the liquid surface is 
longer by the thickness of the large lid 52 than the dis- 
tance between the inner face of the large lid 52 and the 
liquid surface. This reduces the possibility of aluminum 
attaching to the inner face of the hatch 62 provided with 
the through hole 65, making it possible to prevent clog- 
ging of the pipe 66 and the through hole 65 used for 
controlling the internal pressure. 
[01 21 ] Next, a supply system from the second furnace 
21 to the container 100 in the second factory 20 will be 
described with reference to FIG. 6. 
[0122] As shown in FIG. 7, the second furnace 21 
stores the molten aluminum. The second furnace 21 is 
provided with a supply section 21a into which a suction 
pipe 201 is inserted. The suction pipe 201 is disposed 
such that an end portion (another tip portion 201 b of the 
suction pipe 201 ) is immersed in the liquid surface of the 
molten aluminum in the supply section 21a. More spe- 
cifically, one tip portion 201 a of the suction pipe 201 ex- 
tends close to the bottom portion of the second furnace 
21, and the other tip portion 201b of the suction pipe 201 
is drawn outward from the supply section 21a. The suc- 
tion pipe 201 is held basically with an inclination by 
means of a holding mechanism 202. The inclination an- 
gle is, for example, about 1 0° with respect to the vertical 
line so that the inclination matches that of the tip portion 
of the pipe 56 of the above-described container 1 00. The 
tip portion 201b of the suction pipe 201 is to be connect- 
ed to the tip portion of the pipe 56 of the container 100, 
and the matching of the inclinations thus facilitates con- 
nection between the tip portion 201 b of the suction pipe 
201 and the tip portion of the pipe 56 of the container 
100. 

[01 23] Then, the pipe 67 connected to a pump 31 3 for 
redusing the pressure is connected to the pipe 66. Sub- 
sequently, the pump 313 is running for redusing the 
pressure in the container 100. This allows the molten 
aluminum stored in the second furnace 21 to be loaded 
into the container 1 00 through the suction pipe 201 and 
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the pipe 56. 

[0124] In this embodiment, in particular, the molten 
aluminum stored in the second furnace 21 is loaded into 
the container 100 through the suction pipe 201 and the 
5 pipe 56, so that the molten aluminum never comes into 
contact with outside air. Therefore, no oxide is generat- 
ed, and as a result, the molten aluminum supplied using 
this system is very excellent in quality. In addition, the 
work of removing oxide from the container 1 00 also be- 
comes unnecessary, resulting in improved productivity. 
[0125] In this embodiment, in particular, introduction 
of the molten aluminum into the container 1 00 and feed- 
ing of the molten aluminum from the container 1 00 can 
be performed using substantially only two pipes 56 and 
312, thus enabling the system configuration to be very 
simple. Further, shapely decreased possibilities of the 
molten aluminum of coming into contact with the outside 
air can almost eliminate generation of oxide. 
[0126] FIG. 7 shows a producing flow of the above- 
described system when applied to an automobile facto- 
ry. 

[0127] First, as shown in FIG. 6, the molten aluminum 
stored in the second furnace 21 is loaded (molten metal 
is received) into the container 100 through the suction 
pipe 201 and the pipe 56 (Step 501 ). 
[0128] Then, as shown in FIG. 1 , the container 1 00 is 
carried by the truck 32 through the public road 30 from 
the second factory 20 to the first factory 10 (Step 502). 
[0129] Then, in the first factory (use point) 10, the con- 
tainer 100 is delivered by the delivery vehicle 18 to the 
die-casting machine 1 1 for producing an automobile en- 
gine, and the molten aluminum is supplied from the con- 
tainer 100 to the storing furnace 12 (Step 503). 
[0130] Then, the die-casting machine 11 molds the 
automobile engine using the molten aluminum stored in 
the storing furnace 12 (Step 504). 
[0131] At last, an automobile is assembled using the 
automobile engine thus molded and other parts, result- 
ing in a complete automobile (Step 505). 
[0132] In this embodiment, the automobile engine is 
made of aluminum containing little or no oxide as de- 
scribed above, thus making it possible to produce an 
automobile having an engine excellent in performance 
and durability 

[0133] Next, another embodiment of the present in- 
vention will be described. 

[0134] FIG. 12 is a view schematically showing an ex- 
ample of the configuration of a supply apparatus and a 
molding apparatus of the present invention. The follow- 
ing description will be made on an example in which the 
present invention is applied to molding of a magnesium 
alloy. 

[0135] A storing furnace 420 is a furnace for storing 
metal in a melt (molten metal). As the material of a 
chamber 420a of the storing furnace 420, 1 8-8 stainless 
steel is used in this example, and further the inside 
thereof has been subjected to anodizing process with 
an FC plate. The storing furnace 420 stores a molten 
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magnesium alloy 401 therein. A heater 425 keeps the 
melting temperature in this storing furnace. Further, the 
storing furnace 420 is connected with an vacuum sys- 
tem 421 that reduces the pressure the inside and a non- 
oxidizing gas introduction system 422 that supplies a 
non-oxidizing gas. Numeral 422b denotes a reservoir of 
gas. In this example, the vacuum system 421 includes 
at least one vacuum pump 421b. Further, the non-oxi- 
dizing gas introduction system 422 also serves a func- 
tion of applying a pressure to the inside of the storing 
furnace 420. Furthermore, the storing furnace 420 in- 
cludes a pressure gauge (G) 423 that measures the 
pressure therein and a temperature sensor 424 that 
measures the temperature of the molten metal. As the 
pressure gauge 423, a Bourdon gauge, a Pirani gauge, 
a BA gauge, and the like are selectively used in accord- 
ance with the pressure range in use. As the temperature 
sensor 424, a thermocouple, an emission pyrometer, 
and the like can be used. 

[0136] In a purge chamber 430, the molten metal is 
passed. The purge chamber 430 is structured such that 
the inside can be kept airtight. Similarly to the storing 
furnace 420, the purge chamber 430 is connected with 
a vacuum system 431 that reduces the pressure the in- 
side and a non-oxidizing gas introduction system 432 
that supplies a non-oxidizing gas. In this example, the 
vacuum system 431 includes at least one vacuum pump 
431b. Further, the non-oxidizing gas introduction sys- 
tem 432 also serves a function of applying a pressure 
to the inside of the purge chamber 430. Numeral 432b 
denotes a reservoir of gas. Furthermore, the purge 
chamber 430 is also provided with a pressure gauge (G) 
433 that measures the pressure therein. 
[01371 Tne storing furnace 420 and the purge cham- 
ber 430 are connected to each other through a pipe 440 
and a bypass pipe 442. Numeral 443 denotes a bypass 
valve. A heater 441 such as a resistor or the like is 
wound around the pipe 440. The heater 441 keeps the 
temperature inside the pipe at a temperature at which 
the magnesium alloy melts. Now, when the pressure in 
the purge chamber 430 is made lower than the pressure 
in the storing furnace 420, the molten magnesium alloy 
401 is pushed out from the storing furnace 420 through 
the pipe 440 to the purge chamber 430. On the other 
hand, when the pressure in the purge chamber 430 is 
made higher than the pressure in the storing furnace 
420, the molten magnesium alloy 401 remaining in the 
pipe is loaded from the purge chamber 430 side to the 
storing furnace 420. In either case, the oxygen concen- 
tration in the system is controlled to suppress oxidation 
of metal. Thus, metal is safely supplied, without com- 
bustion or explosion , to a use point in the purge chamber 
430. In addition, since oxidation of metal is suppressed, 
generation of oxide is also suppressed or no oxidation 
occurs. This makes it possible to supply high quality 
metal with a clean surface and no oxide. Furthermore, 
in the present invention, since the oxygen concentration 
in the system is controlled to suppress oxidation of met- 



al, there is no need to add a fireproof agent such as haz- 
ardous beryllium. This also improves the work environ- 
ment. Moreover, a harmful substance is never contained 
in products, remnants (such as burrs), and wastes 
5 (wastes and failures of products). This can prevent 
harmful substances from spreading into the environ- 
ment. 

[0138] By the way, the purge chamber 430 is also a 
supply point (use point) of the molten metal for a die- 

10 casting apparatus 450. In this example, a loading cham- 
ber 451 of the die-casting apparatus 450 is provided to 
project into the purge chamber 430. The loading cham- 
ber 451 and the purge chamber 430 are sealed airtight 
by welding or the like. The loading chamber 451 has an 

15 opening through which molten metal (a magnesium al- 
loy 1 in this case) is supplied. The supplied metal is sup- 
plied to a mold side by means of an injection cylinder 
452. Incidentally, the loading chamber 451 is kept warm 
by heaters 453. A mold 454a is a cavity mold and a mold 

20 454b is a core mold, and the metal supplied into a space 
therebetween is molded into a predetermined shape. 
The molds 454a and 454b are intervened between 
clamping mechanisms 455a (on the fixed side) and 
455b (on the moving side). A hydraulic cylinder 457 can 

25 apply a pressure to the clamping mechanism 455b on 
the moving side. 

[0139] According to the molding apparatus of the 
present invention, the supplied metal is never oxidized 
at the use point. Therefore, no oxide is contaminated 

30 into products, resulting in high quality products. Further, 
the accuracy is also improved, and its effect is prominent 
particularly in thin products. Moreover, products are im- 
proved in appearance without darkening. 
[0140] Generally, oxide is generated as high as at 

35 20% to 40% in the molding of the magnesium alloy, 
causing a very low productivity. According to the present 
invention, the generation of oxide can be suppressed to 
a very low level. Therefore, according to the present in- 
vention, the productivity can be improved to reduce the 

40 production cost. 

[0141] Moreover, wastes discharged in the producing 
step and wastes generated after use of products contain 
hazardous beryllium and so on. The magnesium alloy 
is also designated as a dangerous substance. Accord- 

45 ing to the present invention, the amount of wastes can 
be reduced and a hazardous substance is also unnec- 
essary, thus enabling reduced cost of treating the 
wastes. Moreover, use of the container of the present 
invention permits the magnesium alloy as a dangerous 

50 substance to be carried in safety. 

[0142] FIG. 13 is a view schematically showing anoth- 
er example of the supply apparatus of the present in- 
vention. Description will be made here on the configu- 
ration in which a melting furnace 410 is provided at a 

55 prior stage of the storing furnace 420 shown in FIG. 10. 
[0143] FIG. 1 0 is a view schematically showing an ex- 
ample of the melting furnace of the present invention. 
The melting furnace 410 is a furnace for melting metal 
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in a solid state. The configuration of the melting furnace 

41 0 is very similar to that of the storing furnace 420. As 
the material of a chamber 410a of the melting furnace 
410, 18-8 stainless steel is used in this example, and 
further the inside thereof has been subjected to anodiz- 5 
ing process with an FC plate. A molten magnesium alloy 
401 is thrown into the melting furnace 410 and heated 
by a heater 415. Numeral 416 denotes a partition wall. 
Further, the melting furnace 41 0 is connected with a vac- 
uum system 411 that reduces the pressure the inside 
and a non-oxidizing gas introduction system 412 that 
supplies a non-oxidizing gas. Numeral 412b denotes a 
reservoir of gas. In this example, the vacuum system 

411 includes at least one vacuum pump 411b. Further, 
the non-oxidizing gas introduction system 412 also 
serves a function of applying a pressure to the inside of 
the melting furnace 410. Furthermore, the melting fur- 
nace 41 0 includes a pressure gauge (G) 41 3 that meas- 
ures the pressure therein and a temperature sensor 41 4 
that measures the temperature of molten metal. 
[01 44] For throwing a solid metal 401 b into the melting 
furnace 41 0, an airtight door 463 is first opened, and the 
solid metal 401b is loaded into a purge chamber 461 
from the outside. The airtight door 463 is closed, and 
the inside of the purge chamber 461 is exhausted by an 
exhausting system 466. With a bypass 467 being 
opened to balance the pressures in the purge chamber 
461 and a throw-in chamber 462, the airtight door 464 
and a heat insulating door 465 are opened. The solid 
metal is moved by a pusher or a drawer. A bottom por- 
tion of the throw-in chamber 462 has a rotation mecha- 
nism whose rotation throws the solid metal into the melt- 
ing furnace 410. 

[01 45] FIG. 1 5 is a view schematically showing an ex- 
ample of the configuration of a container of the present 
invention. This container (container) 470 comprises a 
frame 471 forming an hermetic zone being literally 
hermetic , a heat insulation 472 disposed on the inside 
of the frame 471, and pipes 473 and 474 disposed 
through the frame 471 and the heat insulation 472. Fur- 
ther, a temperature sensor 475 is also provided for 
measuring the temperature in the hermetic zone 
[01 46] The frame 471 forms a closed space that is the 
hermetic zone therein. Further, the frame 471 serves a 
function of holding the strength of the entire container 
470 and a function of protecting the heat insulation 472 
from the outside. The frame 471 can be constituted of 
various kinds of metals, and thus a suitable material may 
be selected in accordance with use of the container. This 
selection is preferably conducted in consideration of 
physical property and chemical property of contents to 
be stored in the container. For example, the selection is 
conducted so that even if the heat insulation is broken, 
the frame never melts or breaks due to the heat of the 
contents or a chemical reaction with the contents. This 
also applies to the heat insulation, and thus various 
types of heat insulating bricks are selected in accord- 
ance with use of the container. 
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[0147] The pipes 473 and 474 provide an access be- 
tween the outside of the container 470 and the inside 
space thereof. One or a plurality of such pipes may be 
provided. For example, a not-shown exhausting system 
is connected to this pipe 473 to reduce the pressure in- 
side the container, thereby enabling control of the oxy- 
gen concentration and the oxygen activity in the hermet- 
ic zone of the inside. Besides, for example, a non-oxi- 
dizing gas introduction system is connected to this pipe 
473, thereby enabling supply of a non-oxidizing gas to 
the inside. 

[0148] The above-describe application and reduction 
of a pressure allows a fluid (molten metal or powder) to 
be taken into/out of the container. When the non-oxidiz- 
ing gas is introduced through the pipe 473 to apply a 
pressure to the hermetic zone , the molten metal can be 
pushed to the outside through the pipe 474. On the other 
hand, when the pipe 473 is connected to the exhausting 
system to reduce the pressure in the hermetic zone , the 
molten metal can be loaded from the outside through 
the pipe 474. The pipe 474 is heated by a heater or the 
like when necessary. The temperature is preferably set 
to be higher than the melting point of the contents flow- 
ing through the pipe. In this event, not only the move- 
ment of the molten metal or powder but also the oxygen 
concentration in the system can be controlled by the ex- 
hausting system and the non-oxidizing gas supply sys- 
tem. As described above, the present invention has one 
remarkable characteristic that the generation of pres- 
sure difference including the pressure reduced state 
contributes both to the mass transfer of the molten metal 
or powder and the prevention of oxidation. Besides, 
when the atmosphere in the pipe 474 becomes oxida- 
tive, oxide attaches to the inside of the pipe to clog the 
pipe. In the present invention, it is possible not only to 
control the oxygen concentration in the pipe 474 but also 
to prevent the contents from remaining in the pipe, thus 
solving such a clogging problem. 

[0149] FIG. 1 6 is a view showing an example of a joint 
usable for connecting pipes. The container of the 
present invention can serve a function substantially 
equivalent to that of the storing furnace 420 in the 
above-described embodiment. In other words, it is pos- 
sible to use one or a plurality of containers 470 in place 
of the storing furnace 420. In this case, a pipe 474 only 
needs to be connected to a pipe 440 on the side to which 
metal is supplied (for example, the purge chamber 430) . 
[0150] The pipe 474 and the pipe 440 can be connect- 
ed to each other using, for example, a joint 475. The 
joint 475 includes gaskets 476 and is thus airtightly con- 
nected with the pipe 474 and the pipe 440. When the 
gaskets 476 are made of a resin, it is preferable to cool 
the neighborhood of the gaskets by water-cooled heads 
477. The water-cooled heads 477 can be omitted when 
using gaskets made of copper, gold or the like. In addi- 
tion, this joint 475 can also be used to connect the pipe 
473 to the exhausting system and the gas introduction 
system. 
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[01 51 J FIG. 1 7 is a view schematically showing anoth- 
er example of the configuration of the container accord- 
ing to the present invention. In this container 480, a 
frame 471 has an opening that is sealed airtight with a 
lid 471b. Further, this container 480 is connected to an s 
exhausting system 476 through a pipe 473. 
[0152] In addition, there provided is a controller 477 
that measures the temperature of a molten metal 401 
using a temperature sensor 475 and controls the ex- 
hausting system 476 in accordance with the measured 
temperature or the rate of change in temperature. For 
example, opening and closing of a valve 476b is con- 
trolled by the controller 477. The adoption of the above- 
described configuration enables control of the heat con- 
ductivity in the system by pressure in the container of 
the present invention. 

[0153] A heat insulating member such as an insulat- 
ing fire brick or the like is decreased in heat insulating 
performance with its aging. For example, when molten 
metal is transported using a plurality of containers, the 
temperatures of the molten metal are sometimes differ- 
ent from others due to individual difference of the con- 
tainer. The temperature of the molten metal may some- 
times drop to a level at which requirements of a user are 
not suitable. As for the container of the present inven- 
tion, it is possible to reduce the pressuree by the ex- 
hausting system the inside of the frame of, for example, 
a container in which a temperature drop of the molten 
metal is recognized during carriage, so as to suppress 
the heat conductivity of the inside to low. Thereby, the 
temperature of the molten metal can be kept irrespective 
of decrease in the heat insulating performance of the 
heat insulation. It is also possible to decrease the differ- 
ence in temperature between the contents of the plural- 
ity of containers. Further, oxidation of the molten metal 
can also be prevented. The pressure control can be con- 
ducted through use of not temperature itself but of a rate 
of change (for example, a differential value) in temper- 
ature, which configuration enables more accurate tem- 
perature control of the molten metal. 
[01 54] FIG. 1 8 is a view schematically showing anoth- 
er example of the configuration of the container accord- 
ing to the present invention. This container 490 compris- 
es a frame 471 and a lid 471 b with a heat insulation 472 
on their inner faces, a heater 491 disposed on the inside 
of the heat insulation 472, a temperature sensor 475 that 
measures the temperature of a molten metal 401 , and 
a controller 492 that controls the heater 475 in accord- 
ance with the measured temperature or the rate of 
change in temperature. For example, the temperature 
of the metal 401 is appropriately managed by controlling 
a power supply 493 that supplies electric power to the 
heater 491 in accordance with the rate of change in the 
temperature measured by the temperature sensor 475. 
In this embodiment, airtightness of the container is not 
expected from a viewpoint of temperature management. 
It is of course preferable to control the pressure and the 
oxygen concentration of the inside. This should be con- 



ducted particularly when unstable metal is stored. 
[0155] This example shows an appearance of the 
container 490 which is mounted on a loading platform 
of a truck or a ship. An electrode 495 is exposed on the 
loading platform 494 to ensure an electrical connection 
with an electrode 496 on the container side when the 
container is placed at a predetermined position. Numer- 
al 497 denotes an insulating member such as an insu- 
lator. In this case, the power supply 493 can be mounted 
on the truck. Alternatively, it is also adoptable to share 
it with batteries of the truck. The adoption of such a con- 
figuration enables delivery and supply of high quality 
metal. 

[01 56] FIG. 1 5 is a diagram for explaining an example 
of a delivery model of metal using the supply apparatus 
and container of the present invention. 
[01 57] For example, in the case of using molten metal, 
there are about conceivable three aspects. The first one 
is a case in which the melting furnace or the storing fur- 
nace is provided near a use point, a factory with the 
molding apparatus, or the like. The second one is a case 
in which a small-size melting furnace is provided for eve- 
ry molding apparatus. The third one is a case in which 
metal is molten at a predetermined place and the molten 
metal is delivered to a use point. The present invention 
is applicable to any of the cases and provides improved 
quality, improved safety, improved productivity, and re- 
duced energy cost. The aforementioned second case is 
conceivable as the most disadvantageous in a viewpoint 
of energy. In this case, it is only required to dispose near 
the use point the storing furnace 420 of the present in- 
vention or the container 470, 480, or 490 of the present 
invention, for example, as shown in FIG. 11 . The metal 
is kept in a good state and delivered in safety. The 
above-described configuration considerably reduces 
the energy cost. Further, the configuration also elimi- 
nates the cost of the melting furnaces individually dis- 
posed at use points and the cost of installation space 
thereof. 

Industrial Availability 

[0158] As has been described, the present invention 
can provide a container requiring no replacement of 
parts such as a stoke and the like. Further, the present 
invention makes it possible to eliminate the work of re- 
moving oxide and so on to improve productivity. Further- 
more, the present invention makes it possible to supply 
molten metal by applying the pressure or to load molten 
metal by reducing the pressure in the container. More- 
over, the duration for supplying the molten metal can be 
shortened. In addition, the time required to stop supply 
of the molten metal can be shortened, resulting in im- 
proved safety. 
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Claims 

1 . A method for supplying a molten metal, comprising 
the steps of; 

(a) reducing a pressure in a container so that 
the molten metal is loaded into the container 
from outside of the container; and 

(b) supplying the molten metal from the contain- 
er to the outside of the container. 

2. The method as set forth in claim 1 , 

wherein the step (b) applying the positive 
pressure to the container so that the molten metal 
is supplied from the container to the outside of the 
container. 

3. The method as set forth in claim 2, 

wherein the container having a first pipe con- 
necting inside and the outside of the container ca- 
pable of flowing the molten metal, and the molten 
metal is passing through the first pipe in the step (a) 
and step (b). 

4. The method as set forth in claim 2, 

wherein the container having a second pipe 
connecting the inside and the outside of the con- 
tainer, and the pressure in the container is reduced 
and applied through the second pipe in the step (a) 
and step (b). 

5. The method as set forth in claim 1 , 

wherein the step (a) further comprises, 

reducing a pressure in the container so that the 
molten metal is loaded into the container from 
the outside of the container; 
detecting a level or a weight of the molten met- 
al; and 

controlling a pressure in the container accord- 
ing to the detected level or weight of the molten 
metal. 

6. The method as set forth in claim 1 , 

wherein the step (a) further comprises the 
step of purging a space inside the container with a 
non-oxidizing gas after the molten metal is loaded. 

7. The method as set forth in claim 1 , 

wherein the container having a first pipe con- 
necting inside and the outside of the container ca- 
pable of flowing the molten metal, and an effective 
inner diameter of the first pipe is about 65mm to 
about 80mm. 

8. A system for supplying a molten metal, comprising: 

a container capable of storing the molten metal; 



a first pipe capable of flowing the molten metal, 
and the first pipe connecting inside and outside 
of the container; and 

an exhausting system for exhausting the inside 
5 of the container. 

9. The system as set forth in claim 8, further compris- 
ing: 

10 a second pipe connecting the inside and the 

outside of the container, and the second pipe 
capable of exhausting inside of the container. 

10. The system as set forth in claim 8, 

15 wherein the effective inner diameter of the first 

pipe is about 65mm to about 80mm. 

1 1 . The system as set forth in claim 8, 

wherein an inner opening of the first pipe is 
20 formed at an inner lower portion of the container. 

12. The system as set forth in claim 8, further compris- 
ing: 

25 means for detecting a level of the molten metal; 

and 

means for controlling the exhaustion system 
according to the detected level of the molten 
metal. 

30 

13. A system for supplying a molten metal, comprising: 

loading a molten metal into the container by re- 
ducing a pressure in the container and trans- 
35 porting the container to at least a use point; and 

supplying the molten metal at the use point by 
applying the positive pressure to the container. 

14. A producing method for producing a molten alumi- 
^o num from a solid aluminum, comprising steps of: 

melting the solid aluminum in a furnace; 
connecting the furnace and a container with a 
pipe; and 

45 reducing a pressure in the container so that the 

molten aluminum is loaded into the container 
through the pipe. 

15. A producing method for producing an aluminum 
so molding product produced by die-casting, compris- 
ing the steps of: 

melting an aluminum in a furnace; 
connecting the furnace and. a container with a 
55 pipe; 

reducing a pressure in the container so that the 
molten aluminum is loaded into the container 
through the pipe; 
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applying a pressure to the container so that the 
molten aluminum is supplied into a server 
through the pipe; and 

supplying the molten aluminum to an aluminum 
die-casting machine to produce the aluminum 
molding product. 

16. A producing method of an automobile comprising 
the steps of: 

melting an aluminum in a furnace; 
connecting the furnace and a container with a 
pipe; 

reducing a pressure in the container so that the 
molten aluminum is loaded into the container 
through the pipe; 

applying a pressure to the container so that the 
molten aluminum is supplied into a server 
through the pipe; and 

supplying the molten aluminum to an aluminum 
die-casting machine from the server to produce 
an engine for an automobile; and 
assembling the automobile using the engine. 

17. A system for supplying a molten metal, comprising: 

a container capable of supplying a molten metal 
by applying a positive pressure to the container; 
. a lifting mechanism capable of holding the con- 
tainer, and raising and lowering with holding the 
container; 

a transporting vehicle having a tank, and the 
tank supplies a gas for applying the positive 
pressure to the container. 

18. A transporting vehicle, comprising: 

a lifting mechanism capable of holding a con- 
tainer and raising and lowering with holding the 
container; 

a container capable of supplying a molten metal 
by applying a positive pressure to the container. 

19. A container, comprising: 

a sealed type container body capable of storing 
a molten metal, and the container has a through 
hole provided for controlling a pressure in the 
container; and 

a refractory lining formed inside of the contain- 
er, and the refractory lining has a passage ca- 
pable of flowing the molten metal, the passage 
is formed extended to an outside of the contain- 
er, and the passage is formed towards an upper 
portion from an opening provided at a position 
on an inner and near a bottom portion of the 
container body. 



20. The container as set forth in claim 19, further com- 
prising: 

a heat insulator inserted between an inner sur- 
s face of the container body and the refractory 

lining, and the heat insulator having a heal con- 
ductivity smaller than that of the refractory lin- 
ing. 

10 21 . The container as set forth in claim 19, 

wherein a bottom surface of the container 
body has an inclination towards the opening so that 
the opening is at a lower position of the body. 

*5 22. The container as set forth in claim 19, 

wherein an upper portion of the container 
body is provided with a hatch capable of opening 
and closing. 

20 23. The container as set forth in claim 19, 

wherein the through hole is provided in the 
hatch. 

24. An apparatus for supplying a molten metal, com- 
25 prising: 

a furnace for melting the metal and storing the 
molten metal, and the furnace has a supply sec- 
tion for supplying the molten metal; 
30 a first pipe disposed on the supply section, and 

an end portion of the first pipe is immersed in 
the molten metal; and 

a holding mechanism for elastically holding the 
first pipe. 

35 

25. The apparatus for supplying a molten metal as set 
forth in claim 24, 

wherein the holding mechanism holds the first 
pipe so that the other end portion of the first pipe is 
40 freely positioned. 

26. The apparatus for supplying a molten metal as set 
forth in claim 24, 

wherein the holding mechanism comprises: 

45 

a pair of plate members facing with each other 
at a predetermined distance, and each of the 
plate members has an opening at a predeter- 
mined position respectively, so that the first 
so pipe is inserted therethrough; and . 

an elastic member inserted between the plate 
members. 

27. The apparatus for supplying a molten metal as set 
55 forth in claim 26, 

wherein a diameter of each of the openings of 
the plate members is sufficiently larger than an out- 
er diameter of the first pipe, and the first pipe further 
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comprises a holder provided on an outer periphery 
of the first pipe, and an outer diameter of the holder 
is larger than the outer diameter of the first pipe. 

28. The apparatus for supplying a molten metal as set 
forth in any one of claim 24 to claim 27, further com- 
prising: 

a joint mechanism for fastening the first pipe 
with a second pipe to be connected to the first 
pipe. 

29. A system for supplying a molten metal, comprising: 

a furnace for melting the metal and storing the 
molten metal, and the furnace has a supply sec- 
tion for supplying the molten metal; 
a first pipe disposed on the supply section, and 
an end portion of the first pipe is immersed in 
the molten metal; 

a holding mechanism for elastically holding the 
first pipe; and 

a container having a second pipe capable of 
connecting to one end of the first pipe, and the 
container is supplied with the molten metal 
through the first pipe and the second pipe. 

30. The system as setforth in claim 29, further compris- 
ing: 

means for reducing a pressure inside the con- 
tainer. 

31 . The system, as set forth in one of claim 29 and claim 
30, 

wherein the holding mechanism holds the first 
pipe so that the other end portion of the first pipe is 
freely positioned. 

32. The system as setforth in one of claim 29 and claim 
30, 

wherein the holding mechanism comprises: 

a pair of plate members facing with each other 
at a predetermined distance, and each of the 
plate members has an opening at a predeter- 
mined position respectively, so that the first 
pipe is inserted therethrough; and 
an elastic member inserted between the plate 
members. 

33. The system as set forth in claim 32, 

wherein a diameter of each of the openings of 
the plate members is sufficiently larger than an out- 
er diameter of the first pipe, and the first pipe further 
comprises a holder provided on an outer periphery 
of the first pipe : and an outer diameter of the holder 
is larger than the outer diameter of the first pipe. 



34. The system as set forth in any of claim 29 to claim 

33, 

a joint mechanism for fastening the first pipe 
with a second pipe to be connected to the first pipe. 
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